The objective of this study was to investigate the spatio-temporal difference of larval fish assemblages related to the local hydrographic features during (winter) and after (spring) northeasterly monsoon in the waters around Taiwan. A total of 426 taxa of larval fish belonging to 213 genera and 109 families were recognized in our samples. Larval fish abundances in the two seasons were similar, but species composition showed significant differences and the species composition was more diverse in spring than in winter. Multi-dimensional scaling analysis revealed two seasonal station groups. Higher abundance and lower species diversity generally were found in waters west of Taiwan where the China Coastal Current prevails, and an opposite trend was observed in the waters east of Taiwan where the Kuroshio Current dominates. The distribution patterns in abundance and species assemblages were closely linked with the hydrographic conditions, and well matched with abundance of phyto-and zooplankton. Food availability may be another important factor affecting the distribution of larval fish assemblages in the waters around Taiwan. In addition, the intrusion of the Kuroshio Branch Current may bring larvae of some fish species into the Taiwan Strait in spring. The succession of water masses induced by the monsoon may also affect the distribution patterns of larval fish assemblages in the waters around Taiwan.
southwestern TS (via the Penghu Channel) (Wang and Chern, 1988; Liu et al., 2000) . Due to the Changyun Rise (CYR), the KBC confronts the CCC near the central TS. During the waning of the northeasterly monsoon in spring, the KBC flows over the CYR and reaches the northern TS. Furthermore, the SCSSC penetrates into the TS, and gradually displaces the KBC in summer (Jan et al., 2006) . On the other hand, the KC, a strong western boundary current, flowing northward along the east of Taiwan year-round, is more or less affected by the northeasterly monsoon in winter and shifts closer to the eastern shore of Taiwan (Fig. 1) .
Larval fish assemblages are often patchily distributed spatially and temporally in neritic waters worldwide (Doyle et al., 1993; Gray and Miskiewicz, 2000) . Survivorship of larval fish affects the success of fish recruitment. Food availability is crucial for larval survival, especially at very early life stages when the yolk is exhausted. In addition, the physical environment, as well as food availability, has been proposed as another major factor to determine the survival of early-stage larval fish and the success of population recruitment (Brain et al., 1996) . Several studies have suggested that temperature, salinity and primary production exert great impacts on distribution and abundance of zooplankton (Mallin, 1991; Fernandez et al., 1993) . Thus, understanding the distribution and abundance of larval fish associated with oceanographic conditions and food availability is essential to achieving sustainable fisheries. The influences of physical processes on the distribution of larval fish assemblages have been studied in various marine ecosystems, e.g. shelf-slope density front and associated current (John et al., 2001) , continental water inflows (Doyle et al., 1993) or stratification of the water JOURNAL OF PLANKTON RESEARCH j VOLUME 32 j NUMBER 7 j PAGES 1079-1095 j 2010 column (Franco-Gordo et al., 2002) , but only a few focused on a marine environment in which circulation patterns are strongly influenced by monsoon systems Amjad, 2000, 2001) .
Most previous studies on larval fish in the waters around Taiwan have been confined to a small area. For example, Chen and Chiu (Chen and Chiu, 2003) found that the complicated geomorphology and hydrography of embayments may provide important nursery grounds for late stage Japanese anchovy larvae in the northeastern waters of Taiwan. In the Kuroshio edge exchange front off northeastern Taiwan, Chiu (Chiu, 1991) found that the abundance of larval fish at night was about six times higher than during daytime. Also in the same areas, Huang and Chiu (Huang and Chiu, 1998) noted that the abundance of larval fish was lowest in winter and highest in summer, and higher in the East China Sea Shelf than in the KC. Monsoon-driven coastal currents may influence the seasonal dispersal patterns of larval fish assemblages in the estuarine and coastal waters of west coast of Taiwan, and the larval fish communities generally were more diverse in spring -autumn than in winter (Tzeng et al., 2002) . Hsieh et al. (Hsieh et al., 2005) reported that composition and abundance of zooplankton (including copepods and larval fish) in TS are closely related to oceanic variables, which, in turn, are heavily influenced by monsoons.
This work is a part of the Taiwan Cooperative Oceanic Fisheries Investigation (TaiCOFI) conducted by the Taiwan Fisheries Research Institute, the first large scale hydrographic and plankton survey around Taiwan Island (21-268N, 119 -1238E). The aim of the TaiCOFI is to establish a long-term hydrographic and biological database that may be used to construct a numerical model for fisheries forecasts and management in the waters around Taiwan. This study aims to investigate the effect of the change in the monsoon on the temporal and spatial distributions of larval fish assemblages and hydrographic conditions in the waters around Taiwan.
M E T H O D Sampling
The R/V Fishery Researcher I was used to collect samples at 62 sampling stations in winter (13-23 February) and spring (19 -29 May) 2003 (Fig. 1) ; however, only 28 winter and 34 spring zooplankton samples were identified in this study. Zooplankton samples were collected using an Ocean Research Institute (ORI) net with a mouth diameter of 1.6 m, length of 6 m and mesh size of 330 mm. A flow meter (Hydro-Bios) was mounted centrally in the mouth opening to estimate the volume of filtered water. The net was towed vertically from 200 m (or 10 m above the bottom at stations with depth ,200 m) to the surface with a speed of 1 m s
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. Samples were fixed in 5% seawater-buffered formalin immediately after collection. In the laboratory, each zooplankton sample was divided into two equal subsamples with a Folsom splitter. Fish larvae were sorted from one subsample, and identified to the lowest possible taxon. At each surveyed station, temperature and salinity at different depths were recorded with a General Oceanic SeaBird CTD (SBE-911 Plus) lowered from surface to 10 m above the bottom. Current velocity and direction (data from the ocean data bank of National Center for Ocean Research, Taiwan) in the waters around Taiwan during winter and spring are shown in Fig. 2 . In order to obtain a large-scale pattern of the marine environment, images of sea surface temperature (SST) during winter and spring cruises of 2003 from the advanced very high-resolution radiometer satellite of the National Oceanic and Atmospheric Administration (NOAA) were also used (Fig. 3) . Chlorophyll a concentration was measured from 1 L samples of seawater collected with Go-Flo bottles at six depths (5, 25, 50, 75, 100, and 150 m) . Seawater samples were immediately filtered through Whatman GF/F filters and then stored in vials with 10 mL of 90% aqueous acetone on board, and left for 24 h in a dark refrigerator for full extraction. The vials were then shaken and centrifuged, and the fluorescence of the supernatant was measured in a fluorescence spectrophotometer (Hitachi F-2000, Japan) before and after acidification with 10% hydrochloric acid. The amount of chlorophyll a was calculated using the equations of Strickland and Parsons (Strickland and Parsons, 1972) .
Data analysis
The abundance of larval fish was expressed as the number of individuals per 1000 m 3 , and ShannonWiener diversity index (H 0 ) (Shannon and Weaver, 1963 ) and Pielous's index of evenness (J 0 ) (Omori and Ikeda, 1984) were used to calculate the species diversity and evenness, respectively. The cumulative abundance of larval fish species between the two seasons was compared with K-dominance curves. When two different K-dominance curves do not overlap, the upper curve represents the community most dominated by fewer species and, therefore, less diverse (Clarke and Warwick, 2001 ). The differences in larval fish abundance, species number, H 0 values, J 0 values, seawater temperature, salinity, chlorophyll a and zooplankton abundance between seasons and diel periods [day (06:00 to 18:00) vs. night (18:00 to 06:00)] were tested by one-way ANOVA (Dunn and Clark, 1974) . Larval abundances were log (n)-transformed to normalize the data and homogenize residual variances. Statistical significance was determined at a ¼ 0.05. The similarity of species compositions of larval fish among sampling stations was analyzed and presented by Bray-Curtis similarity analysis based on a similarity matrix of fourth root-transformed abundance of larval fish (Bray and Curtis, 1957) . Non-Metric multi-dimensional scaling (MDS) was also used to provide a two-dimensional (2D) visual representation of assemblage structure (Kruskal and Wish, 1978) . In addition, to understand the relationships of the distribution patterns of larval fish assemblages with the environmental factors, the data matrix of logarithmic abundance (n þ 1) of the 25 most common species was transposed so that samples became variables, then a Canonical correspondence analysis (CCA) (Ter Braak, 1986) diagram was used to determine the co-varying species. JOURNAL OF PLANKTON RESEARCH j VOLUME 32 j NUMBER 7 j PAGES 1079-1095 j 2010
R E S U LT S Hydrographic conditions
The distributions of seawater temperature, salinity and chlorophyll a concentration showed apparent seasonal differences (Figs 4 and 5) . Generally in winter, comparatively higher temperature and salinity and lower chlorophyll a concentration were found in the southern and eastern waters of Taiwan where the SCSSC and KC prevailed, while lower temperature and salinity and higher chlorophyll a concentration occurred off northwestern Taiwan, dominated by the CCC. A clear fresh and cold water tongue was observed flowing southward along the coast of mainland China into the northern or central TS. The difference of these dense contours was up to 88C, and a phytoplankton bloom represented by high chlorophyll a concentration was also found within this area (Figs 4A and 5A) . In spring, in contrast to the southeastern waters of Taiwan, lower temperature and salinity and higher chlorophyll a concentration were still noted in the northwestern TS, but the cold water from mainland China seemed to disappear. Examining the whole surveyed area, the distribution pattern of isotherms showed a northeast-southwest gradient, and the temperatures increased gradually from high to low latitudes (from 24 to 288C). In addition, warm and hyperhaline waters (the KBC) were also observed to penetrate into the TS along the southwestern coast of Taiwan.
Meanwhile, because of the bottom geography (the obstruction of the CYR), a topographical upwelling was found near Penghu Islands with high chlorophyll a concentration (Figs 4B and 5B) . In this study, temperaturesalinity diagrams (Fig. 6 ) also were used to explain the variation of the water masses during the waning of the northeasterly monsoon. Typical T-S curves of the CCC, KC and SCSSC are plotted in Fig. 6 for comparison. Stations 44, 49, 51, 53, 56 and 57 characterized by low temperature and salinity were significantly influenced by the CCC in winter (Fig. 6A and B) . In contrast, the influence of the CCC decreased when the northeasterly monsoon waned in spring, and the T-S curves of the stations 44, 49, 51 and 53 were relatively similar with the KC, an indication of the intrusion of the KBC into the TS (Fig. 6C and D) .
Seasonal changes in composition and abundance of larval fish
In total, 426 fish species in 213 genera and 109 families were identified by the present study. The overall mean abundance was 949 + 186 SE ind. 1000 m
23
. The larval fish abundances showed no significant differences between seasons (ANOVA; F ¼ 0.210; P . 0.05) and between day and night (winter; F ¼ 0.067; P . 0.05, spring; F ¼ 0.912; P . 0.05), but the species number (F ¼ 6.228; P , 0.05), species diversity (F ¼ 6.424; P , 0.05) and species evenness (F ¼ 10.559; P , 0.01) were significantly higher in spring than in winter (Table I ). Larval fish of 74 families, 126 genera and 240 taxa were identified in winter, the abundance, species diversity index and evenness index of larval fish varied among stations, from 28 to 10 443 ind. 1000 m (Table I ). K-dominance curves showed higher cumulative percentage abundance in winter than in spring, indicating that the species composition was less diverse in winter than in spring and was characterized by smaller numbers of dominant species (Fig. 7) . The abundances of larval fish generally were higher in the northern and western neritic waters of Taiwan and lower in the waters of southern and eastern Taiwan in both seasons (Table II , Fig. 4 ). The distribution in species diversity and species number of larval fish showed a trend opposite to that of abundance, with higher values generally found in the waters south and east of Taiwan and lower in the waters north and west of Taiwan.
Larvae of the families Engraulidae, Myctophidae, Scombridae, Carangidae and Bregmacerotidae were the most abundant and accounted for 19, 17, 10, 5 and 5% of the total catch, respectively. Among them, Myctophidae had the largest number of species (52 spp.), followed by Carangidae (17 spp.), Scombridae (16 spp.), Bregmacerotidae (10 spp.) and Engraulidae (3 spp.). Species compositions of the most dominant larval fish taxa in each season are ranked in Table III . Engraulis japonicus (18.76%), Scomber sp. (6.16%), Diaphus spp. (2.99%), Benthosema pterotum (2.57%) and Cyclothone alba (2.21%) were the five most abundant taxa in the total catch. In winter, the five most dominant taxa were E. japonicus, Scomber sp., Diaphus spp., B. pterotum and Carangoides ferdau; in spring, they were C. alba, Vinciguerria nimbaria, E. japonicus, unidentified Gobiidae and B. pterotum. However, it is worth noting that the compositions of the 25 most dominant taxa of the two seasons were dissimilar. Only half of the species were common to both seasons, namely E. japonicus, Diaphus spp., B. pterotum, Bleekeria mitsukurii, Maurolicus sp., unidentified Myctophidae, Sigmops gracilis, Trichiurus lepturus, unidentified Gobiidae, V. nimbaria, unidentified Callionymidae, Bregmaceros sp. 2 and Scomber sp. 2. Among these species, some occurred in a specific season with significant abundance. For example, E. japonicus (37.44%) and Asterisks indicate significant differences (ANOVA) at *P , 0.05, **P , 0.01, ***P , 0.001. Scomber sp. (12.66%) had significantly high abundances in winter, and C. alba (4.06%) was ranked first in spring. The CCA diagram derived from the abundance of 25 predominant larval fish taxa illustrates the correlations of the abundance with five environmental variables (temperature, salinity, depth, chlorophyll a and zooplankton abundance) (Fig. 8) . In winter, unidentified Myctophidae, Hygophum proximum, Stomias nebulosus and Diaphus spp. were closely associated with temperature and salinity; B. pterotum, unidentified Callionymidae, unidentified Gobiidae, Scomber sp., T. lepturus and unidentified Sparidae with zooplankton abundance; E. japonicus, C. ferdau and Sebastiscus marmoratus with chlorophyll a; and Maurolicus sp. with depth (Fig. 8A) . In spring, Neoscopelus microchir, Neoscopelus sp. and Diaphus spp. were more highly correlated with salinity; Bregmaceros sp. 2 and C. alba with depth; B. mitsukurii, Auxis sp. and E. japonicus with chlorophyll a; and Nibea albiflora, unidentified Callionymidae, Decapterus maruadsi, Psettina gigantean and Decapterus spp. with zooplankton abundance (Fig. 8B) .
Spatio-temporal similarity of species composition
The dendrograms from the cluster analyses divided the larval fish into two and three groups of stations at a similarity level of 15%, respectively, in winter and spring (Fig. 9) . Meanwhile, the MDS diagram derived from larval fish species composition indicates clear seasonal structures in which data from stations of the same season clustered together (Fig. 10) . In winter, two station groups, WI and WII, were distinguished, and WII was further divided into four sub-groups of stations (WIIa, WIIb, WIIc and WIId) at a similarity level of 23% (Fig. 9A) . WI comprised four sampling stations two (stns 43 and 49) of which were near mainland China and Table III ; TEMP, temperature; SAL, salinity; CHL, chlorophyll a; ZP, zooplankton). JOURNAL OF PLANKTON RESEARCH j VOLUME 32 j NUMBER 7 j PAGES 1079-1095 j 2010 the other two (stns 56 and 57) north of Taiwan. The predominant larval fish taxa are showed in Table IV . Some commercial fish species, such as E. japonicus, Scomber sp. 1, C. ferdau and S. marmoratus, were abundant in this group. Among these species, E. japonicus constituted 63% of the total larval fish counted. WIIa consisted of only one station (stn 58) with eight larval fish taxa, among which the unidentified Gobiidae and two species of Myctophidae (Myctophum asperum and Ceratoscopelus warmingi) were abundant. WIIb included two stations located in the waters southwest of Taiwan and was dominated by some mesopelagic fish (such as Diaphus spp., S. gracilis and V. nimbaria) and oceanic species (such as Brama japonica). WIIc contained seven stations that some were near the Penghu Islands and others in northern TS and north of Taiwan. Engraulis japonicus and Scomber sp. had a peak abundance at station 51 (7902 ind. 1000 m
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) and station 39 (1986 ind. 1000 m 23 ), respectively, and contributed 41 and 17% to the total fish catch. In addition, some benthic species, such as B. mitsukurii and T. lepturus, were abundant in the waters around the Penghu Islands. WIId comprised 14 stations, mostly in the waters east of Taiwan that were influenced by the KC, and generally showed low abundance and high species diversity of larval fish. Several mesopelagic fish, including S. gracilis, Diaphus spp., Maurolicus sp., V. nimbaria and C. warmingi, were the dominant taxa in this group.
In spring, 34 sampling stations were divided into three groups: SI, SII and SIII (Table V, Fig. 9B ). SI comprised only one station (stn 58) with the lowest species diversity (2.52). Seven larval fish taxa were found in this group, including two commercial fish species (Auxis sp. 1 and T. lepturus), two taxa of Myctophidae (Lampanyctus sp. and Lampanyctus sp. 7), one taxon of Neoscopelidae (Neoscopelus sp.) and one taxon of Tetraodontidae (Lagocephalus sp.). SII included 12 stations, characterized by higher abundance and lower species diversity. The commercial fish Stns: 1, 3, 6, 7, 9, 11, 12, 13, 15, 16, 17, 18, 31, 32) (Stns: 1, 3, 6, 7, 9, 11, 12, 13, 15, 16, 17, 18, 31, 32 
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species, E. japonicus, N. albiflora and Cynoglossus joyneri, were the predominant larvae in this station group. SIII contained 21 sampling stations in the waters east and southwest of Taiwan that was influenced by the KC and KBC, and had lower abundances and higher species diversities, the taxa of mesopelagic fish, such as Gonostomatidae and Myctophidae, were the most abundant in this group.
D I S C U S S I O N Oceanographic conditions
The hydrography of the waters around Taiwan was strongly influenced by the northeasterly monsoon during our survey in winter. The KBC may enter the TS via the CYR and also likely to be blocked by the CYR and turns southward to leave the Strait. However, a small portion of the KBC may manage to flow northward over and beyond the CYR. On the other hand, the CCC, a colder (,208C) and fresher (salinity , 32) water, moves southward along the western boundary of the Strait. With the arrival of spring, the diminishing northeasterly monsoon unleashes the once-blocked northward intrusion of the KBC in winter (Jan et al., 2002 (Jan et al., , 2006 . Using strait-wide conductivity-temperature-depth (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and sectional acoustic Doppler current profiler (1999 -2001) data, Jan et al. (Jan et al., 2002 (Jan et al., , 2006 found a recurring pattern of the strong northeasterly monsoon driving the brackish CCC into the northern Strait and limiting the northward intrusion of saline KBC in the southeastern Strait in winter. The weakening of the northeasterly monsoon in late winter, however, makes it possible for the KBC to intrude northward into the waters north of Taiwan. The satellite images of SST during the sampling period clearly show the seasonal changes of the hydrographic conditions in the TS (Fig. 3) . In the present study, the much broadened KBC was found that flows northward over the CYR and reaches the northern TS in spring (Figs 2, 3 and 4B). Meanwhile, the northward intrusion of KBC also decreases the penetration of the CCC from the north. In the waters of eastern Taiwan, the hydrographic situation was much simpler than that in western Taiwan, and was dominated by the warm and highly saline KC. The results on the hydrographic conditions in the waters around Taiwan are consistent with previous studies on the KC and East China Sea (ECS) (Wang and Chern, 1988; Liu et al., 1992) and on the TS (Jan et al., 2002 (Jan et al., , 2006 . Chlorophyll a concentration was lower in the waters east and south of Taiwan, and higher in the waters of the northern TS, particularly along the coasts of mainland China and northwestern Taiwan. In this study, the northern stations were located in the southern ECS where the KC flows through the area northeast of Taiwan. When the KC intrudes into the ESC shelf area, a cold dome develops at the shelf break and forms a transition zone between the ECS and the KC ). This zone is characterized by an upwelling of nutrient-rich subsurface water to the surface and generally is highly productive (Wong et al., 1991) . Similar phenomena were observed by previous studies in this area, such as high concentrations of chlorophyll a (Chen, 1992) , zooplankton Shih and Chiu, 1998) and phytoplankton (Chen, 1992) . Also, between the Norwegian Coastal Current and the Jutland Coastal Current, high values of phytoplankton biomass and primary production were Stns: 37, 38, 39, 43, 44, 45, 49, 50, 51, 53, 56, 57) ( Stns: 37, 38, 39, 43, 44, 45, 49, 50, 51, 53, 56, 57 3, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 29, (Stns: 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 29, 30, 31, 32, 59) JOURNAL OF PLANKTON RESEARCH j VOLUME 32 j NUMBER 7 j PAGES 1079-1095 j 2010 associated with a shelf break front and a dome of subsurface water (Munk et al., 1995) . Checkley et al. (Checkley et al., 1988) reported increasing primary production near the Gulf Stream associated with upwelling of subsurface water at the shelf break. González-Quirós et al. (González-Quirós et al., 2003) also noted that high primary production and larval fish abundance were associated with a shelf break front at the Avilés Canyon. Therefore, the high chlorophyll a concentration in the waters north of Taiwan in this study is likely due to the upwelling induced by the shelf break front. A similar conclusion also was reported previously by Chiang et al. (Chiang et al., 1999) .
Moreover, high chlorophyll a concentration was observed in the waters near the Penghu Islands in spring. With the weakening of the northeasterly monsoon, the KBC intrudes northward along the west coast of Taiwan into the northern TS. When the KBC flows through the northern end of the Penghu Channel, where the northward current becomes faster and more turbulent when confronting the narrower channel and shallower shelf, and finally was impeded by the CYR. The deeper and colder subsurface water, when blocked by the shallower shelf and the Penghu Islands, rises and turns northwestward to the south of the Penghu Islands and induces a cyclone (cold-core ring in the north hemisphere) because of the Ekman transport in the area (Jan et al., 1994) .
Spatio-temporal variation of larval fish assemblages
The species composition was more diverse in spring (340 spp.) than in winter (240 spp.), and the mean species diversity and evenness were also significantly higher in spring than in winter in this study area (Table I) . It is interesting to note which factors caused the temporal difference. When we examined the species diversity and evenness of the sampling stations of the two seasons in detail, we found that these indexes were similar among the stations in the waters east of Taiwan (i.e. 1218E), but were apparently different in the TS as well as the waters north of Taiwan, particularly in the frontal area where the CCC meets the KBC. For example, the indexes of station 51 were only 1.54 and 0.27, respectively, in winter, but 4.30 and 0.84 in spring; at station 56, the indexes increased from 1.41 to 4.09 and 0.36 to 0.88, respectively. We examined the larval fish species composition of the stations in the waters west of Taiwan and found that the larvae of E. japonicus usually were abundant in this area in our study. According to a previous study (Chiu et al., 1997) , E. japonicus migrates annually from the waters adjacent to Japan to the northeast of Taiwan during February and March. Our results confirm this statement and suggest that larvae of E. japonicus may be transported from northern to southern TS by the CCC during our study period. In addition, some oceanic or mesopelagic species (such as V. nimbaria, C. alba and S. gracilis), which were usually observed in the waters east of Taiwan, also were abundant in the neritic waters to the west and north in spring. In general, these species inhabit oceanic waters (Nakabo, 2000) and their larvae are most abundant in the Kuroshio and offshore oceanic water (Sassa et al., 2002) . Therefore, these taxa could be used as good indicator species for the intrusions of the KBC onto the TS (Tzeng, 1989) , and we suggest that the intrusion of the KBC probably brings the oceanic species into the TS. Furthermore, Sassa et al. (Sassa et al., 2006 (Sassa et al., , 2008 demonstrated that the major spawning ground and period of Trachurus japonicus are in the southern part of the ECS between 26 and 278N and from late winter to spring. They proposed that the larvae might be transported northeastward by the KC or were brought into the jack mackerel nursery grounds by the KBC. In our study, the larvae of T. japonicus were abundant in the waters west and north of Taiwan during winter and, accordingly, our collection of T. japonicus may overlap the spawning ground and spawning season of adults. These species together with the coastal species can tolerate high temperature and salinity and form a combined assemblage with high diversity in this area. Increasing zooplankton diversity due to the mixing of the Kuroshio and coastal assemblages could also be observed in the coastal area south of Japan (Noda et al., 1998) . Franco-Gordo et al. (Franco-Gordo et al., 2003) found that during the transitional period between June and December, high ichthyoplankton species richness was due to the mixing of tropical (from the Equatorial Countercurrent) and subtropical (from the California Current) species in the central Mexican Pacific.
Larval fish communities of our sampling stations were classified as winter and spring groups (Fig. 10) , which not only show the spatio-temporal difference of the larval fish composition but also reflect the change of the northeasterly monsoon that affects the currents around Taiwan. The larval communities of spring, excluding that at station 29, were distinct from those of winter. The variation range of the spring group was broader than that of the winter group. It was worth noticing the distribution conditions of all sampling stations. With the MDS ordination, we observed that the stations in both seasons in the waters east of Taiwan (east of 1218E) were located at the left side of the node, displayed a small overlap and the distribution situations were equally close to each other. In addition, we also found that some typical oceanic and mesopelagic or bathypelagic species, such as C. alba, V. nimbaria, S. gracilis, Maurolicus sp. and Myctophidae (for instance: Diaphus spp., unidentified Myctophidae, C. warmingi, B. pterotum and N. microchir), were abundant in this area in both seasons. These observations suggest that the abundances and species compositions of larval fish in the waters east of Taiwan in both seasons were similar, and the influence due to the changing of the northeasterly monsoon was not significant. In contrast, the stations in the waters to the west and north (west of 1218E) were located at the right side of the node and showed a significant temporal difference. Except for some species occurring year-round in the TS, such as E. japonicus, unidentified Gobiidae, unidentified Callionymidae and Bregmaceros nectabanus, other dominant species in this area were significantly different between winter and spring. For instance, some species (mainly neritic species) were abundant in winter in this area, including Scomber sp. 1, C. ferdau, T. lepturus and T. japonicus (coastal and economic species), S. marmoratus (demersal and economic species) and B. mitsukuri (neritic and non-economic species); while the dominant species in spring were N. albiflora, C. joyneri and D. maruadsi (coastal and economic species), P. gigantea (coastal and non-economic species), C. alba, S. gracilis and V. nimbaria (oceanic and non-economic species) and Auxis sp. (oceanic and economic species). This study indicated that the temporal composition of the larval fish community in the waters west of Taiwan changed between during and after the northeasterly monsoon. In winter, the dispersal of larvae transported by the northeasterly monsoon current (CCC) was impeded in the middle of the TS by the KBC; in spring, the intrusion of the KBC brought some oceanic larval fish northward through the TS. Tzeng et al. (Tzeng et al., 2002) proposed that the monsoon-driven coastal currents may influence seasonal dispersal and community structure of the estuarine larval fishes in four estuaries on the western coast of Taiwan. Shao et al. (Shao et al., 1997) also noted the latitudinal difference of fish fauna on the west coast of Taiwan under the influence of the monsoons, and found the boundary separating northern and southern fish faunas was located approximately at the Penghu Islands in the middle of the TS.
Larval distribution in relation to hydrographic features
Marine plankton are strongly affected by mesoscale hydrographic features, such as fronts and eddies (Rodríguez et al., 1999; Okazaki et al., 2002) . These features act as mechanisms for enrichment, concentration and retention nutrients, thereby contributing to an increase in biological production and larval survival (Bakun, 1996) . In our study, significant differences in larval fish abundances among the areas affected by the CCC, KBC and KC were detected in both seasons. The distribution patterns of larval fish and zooplankton abundances were similar. However, areas with peak abundances of larval fish and zooplankton did not correspond with the areas with high chlorophyll a concentration. Instead, the high abundances of larval fish and zooplankton were observed in the marginal zone of the high primary production areas (Figs 4 and 5) . For instance, in winter, high abundances of larval fish and zooplankton were in the central TS, but high chlorophyll a concentrations were located west of central TS; in spring, high chlorophyll a concentration appeared in the southwest of the Penghu Islands, but high larval fish abundances were found at stations (e.g. stns 37-39 and 43-45) around the Penghu Islands. Maravelias and Reid (Maravelias and Reid, 1997) reported that phytoplankton growing in frontal or mixed areas may provide a better food source for zooplankton. Surface fronts and mesoscale eddies may offer opportunities for exceptional local productivity and growth of species particularly adapted to highly productive and rapid-growth/highmortality situations (Bakun, 2006) . In the northeastern North Sea, gadoid fish larvae were found in the vicinity of the frontal zone and the frontal variability was suggested to be a major factor determining survival in the early life of gadoid larvae (Munk et al., 1999) . Okazaki and Nakata (Okazaki and Nakata, 2007) also proposed that the dynamic interactions between the Kuroshio and shelf waters at the frontal boundary potentially affect larval fish transport and prey availability. High abundance of larval fish occurs over the edge of the continental shelf in relation to the presence of the shelf-slope front and its associated convergence in the NW Mediterranean (Sabatés et al., 2007) . This is in accordance with the findings of Hsieh and Chiu (Hsieh and Chiu, 2002) on the summer distribution of copepods and larval fish in the northern TS. Furthermore, with the CCA diagrams in winter and spring, we found that the abundances of most dominant species were closely related with chlorophyll a and zooplankton abundance. Thus, we suggest that food availability may be an important factor affecting the distribution pattern of larval fish in the waters around Taiwan in winter and spring. Similar results also have been reported in several studies in nearby and other geographic areas (Sinclair and Iles, 1985; Tzeng and Wang, 1993) .
The species diversity of larval fish showed significant spatial and temporal changes during the rise and fall of the northeasterly monsoon in this study. The KC is an oceanic current with a more stable environment for plankton than that of the CCC, which is subject to disturbance and nutrient enrichment from the land or river, and, therefore, the reason why the coastal and neritic larval fish species usually were abundant in the neritic waters dominated by the CCC in our study. In general, diversity was higher in the waters east and southwest of Taiwan affected by the KC and KBC (with high temperature) and lower in the waters north of Taiwan and northwestern TS controlled by the CCC. Our results clearly indicate that the abundance and number of families of larval fish decreased with lower temperature and salinity. Senta (Senta, 1964) found that larval fish were abundant in the relatively high temperature area adjacent to the Kuroshio and the shelf break in the East China Sea during winter and spring. Okazaki and Nakata (Okazaki and Nakata, 2007) also suggested that the abundance and species richness of larval fish increased with increasing temperature and salinity at the shelf break of the East China Sea. Except for larval fish, some other marine zooplankton also display similar distribution patterns. For instance, copepod diversity decreasing from the Kuroshio area to the China coastal area was observed in the waters north of Taiwan (Shih and Chiu, 1998) . The intrusion of the KBC in spring brought some oceanic copepod species into the TS, and apparently influenced the species diversity of copepods in the TS (Hsieh et al., 2004) .
In summary, high primary production was associated with the shelf break front and the topographic upwelling in the waters around Taiwan. This study demonstrates that the seasonal change of larval fish abundance in winter and spring was not significant, but larval fish were more diverse in spring than in winter. The distribution patterns of larval fish assemblages were likely influenced by hydrographic conditions due to alternate intrusions of the CCC and KBC and availability of food. Therefore, the present study not only has expanded our knowledge on the larval fish distribution in the waters around Taiwan, but also provided good evidence for biotic responses to the hydrological situation and interactions among the surveyed waters.
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